Abstract Iris sect. Oncocyclus species generally occur in small populations or locally scattered over rocky hillsides, steppes, and deserts from the north Caucasus to the eastern Mediterranean. Species of this section are easily recognized by their inflorescences of a single, large, spherical flower and sepals with a dark signal spot and adjacent beard of multicellular hairs. We present here results of the first phylogenetic study of sect. Oncocyclus based on one low-copy nuclear and six plastid markers from 33 of approximately 42 species and infraspecific taxa. Gene trees are congruent and nuclear markers are more potentially parsimony informative than plastid markers. We identify clades that do not correspond to previously described species groups based on size, color, and shape of perianth parts and show that hypotheses of species monophyly are not supported. In general, diversification is greatest along terminal branches suggesting that species diversified in isolation. The Caucasus is suggested as the ancestral area for sect. Oncocyclus and the eastern Mediterranean as an important area of diversification. 
INTRODUCTION
Iris L. comprises approximately 280 species distributed in temperate regions across the Northern Hemisphere with about four species extending into northern Africa. Although some species are found in mesic to even wetland environments, most species, including those in this study, occur in desert; semidesert; or dry, rocky, montane habitats. Iris species typically have a basal fan of unifacial leaves and a colorful perianth fused basally into a tube and distally with three horizontal sepals and three erect petals. The gynoecium also contributes to the colorful Iris flower with style branches that are fused at their base and petaloid distally extending beyond the small flap-like, transverse stigma as a bifid crest. Iris flowers have three stamens that are opposite to both the sepals and petaloid style branches.
Iris is currently divided into 6 subgenera and 12 sections with 16 series within sect. Limniris Tausch. The current subgeneric classification by Mathew (1989) is largely based on work by Dykes (1913) , Lawrence (1953) , and Taylor (1976) and emphasizes characters such as sepal beards and/or crests, seed arils, and the type of underground storage organ. Phylogenetic studies of Iris based on plastid data have resulted in a more complete understanding of subgeneric relationships and circumscription (Wilson, 2009 (Wilson, , 2011 Ikinci & al., 2011; Guo & Wilson, 2013) and provide a framework to further explore relationships within and among major clades. Studies to date have, however, been inadequate to resolve relationships in some recently diverged clades, such as sect. Oncocyclus (Siemssen) Baker in subg. Iris (Wilson, 2011) , some subclades in subg. Scorpiris Spach (Ikinci & al., 2011; Guo & Wilson, 2013) , and ser. Californicae (Diels) G.H.M.Lawr. in subg. Limniris (Wilson, 2009) , even though most species are easily identified based on morphology.
Section Oncocyclus species generally occur in small populations or are scattered locally across rocky hillsides, steppes, and deserts from the north Caucasus south to Iran, west into eastern Turkey, and south into southern Turkey, Syria, and other countries on the eastern shores of the Mediterranean Sea. These Iris have short, knobby rhizomes, occasionally with stolons, that produce fans of unifacial basal leaves that are typically falcate and glaucous. Species of sect. Oncocyclus are easily recognized by their flower coloration and morphology ( Fig. 1 ). Inflorescences have a single spherical flower that is typically held well above their leaves (Fig. 1A ). Sepals and petals are large and usually darkly veined and/or sprinkled 
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TAXON 65 (1) • February 2016: 35-46 with dark markings on a lighter background, and each sepal has a prominent roundish spot near the base of its free portion called a signal spot (Fig. 1B, C) . The signal spot is an area of the sepal where dark markings are concentrated into a more or less solid spot. The signal spot is adjacent and distal to a relatively sparse beard of hairs that extends into the perianth tube (Fig. 1B, C) . Section Oncocyclus species also have a conspicuous white or cream-colored aril that is sometimes larger than the seed. The chromosome number of these species is n = 10 ( Avishai & Zohary, 1977; Rix, 1997) , a number that is relatively low for Iris.
Although sect. Oncocyclus species are challenging to grow they have been known to horticulturalists for hundreds of years and early species accounts are mostly based on cultivated plants that were introduced to European gardens. Dykes, a horticulturalist who studied, grew, and hybridized Iris, produced the first monograph of the genus (Dykes, 1913) . Dykes lists 14 species in sect. Oncocyclus and, of these, 2 are no longer recognized (I. ewbankiana Foster has been synonymized and I. susiana L. is not considered a wild species) while the remaining 12 are still within the section. Four additional species were described previous to Dykes's (1913) monograph but were not included in his publication. By 1950 ten additional species were described and by 1980 all of the currently recognized taxa, about 32 species and 9 infraspecific taxa, were known (Mathew, 1989) . The best-known sect. Oncocyclus species is the no longer recognized I. susiana, described by Linnaeus in 1753 and illustrated in the Curtis's Botanical Magazine in 1790. The origin of I. susiana (the mourning iris) is unknown. This plant has been in cultivation for over 400 years and was introduced into Vienna gardens in 1573 from the region that is now Turkey (Foster, 1893) . Sausan is the Arabic word for iris and the plant may not have been wild but instead cultivated in Turkey prior to its introduction to Europe.
In spite of the long history of study of sect. Oncocyclus, its consistent recognition as a taxonomic entity, and the stability of species circumscription within the group, there have been few hypotheses proposed about relationships among species. Research on this group has focused on their unusual pollinator interactions, especially sheltering, where pollinators overnight or rest in flowers (Sapir & al., 2005 (Sapir & al., , 2006 Monty & al., 2006; Watts & al., 2013) . A few regional studies on species diversity have utilized morphology Saad & Mahy, 2009) , crossing studies (Avishai & Zohary, 1980) , and RAPD fragments (Saad & Mahy, 2009 ). Previous studies, based on the inclusion of representative species in phylogenetic studies of the genus, have determined that sect. Oncocyclus is monophyletic (Wilson, 2004 (Wilson, , 2011 . This is the first study that uses DNA sequence data to examine relationships across sect. Oncocyclus. This is also the first study examining divergence patterns in the group and comparing evolutionary relationships among species and their geographical distributions.
The goals of this study are to: (1) examine phylogenetic relationships in sect. Oncocyclus using a relatively comprehensive sampling of taxa and a large dataset of plastid and nuclear sequences; (2) examine the monophyly of species in sect. Oncocyclus; (3) develop new molecular markers for this group including plastid regions expected to be variable based on comparisons of whole plastid genomes for two sect. Oncocyclus species and a low-copy nuclear region based on RNAseq data; and (4) estimate the ancestral area for sect. Oncocyclus. Wilson (2011) .
MATERIALS AND METHODS
Plant
DNA extraction, amplification, and sequencing. -Molecular studies were conducted at Rancho Santa Ana Botanic Garden. Genomic DNA was isolated from silica-dried leaf material using protocols modified from the CTAB method of Doyle & Doyle (1987) . Modifications from this procedure included RNase treatment and an ethanol precipitation with ammonium acetate following the initial isopropanol precipitation.
Plastid sequence data of the protein-coding matK gene, about 1050 bp of the flanking trnK introns, and three intergenic spacer regions (petL-psbE, psbM-trnD, trnL-F) were added to previously gathered data (Wilson, 2004 (Wilson, , 2011 Vereecken & al., 2012) . Plastid sequence data of the intergenic spacer rpl20-clpP and about 1030 bp of the ycf1-coding region were generated for all taxa. These two latter regions were selected as potentially informative based on a comparison of the complete plastid genome of two sect. Oncocyclus species and comparisons to other monocots (Wilson, 2014) . Low-copy nuclear data of the third and fourth introns of one of two copies of the AT1G08750 locus, a gene considered part of the peptidase C13 gene family, was generated for all taxa.
DNAs were amplified in 25 µl reactions using GoTaq Flexi DNA polymerase (Promega, Madison, Wisconsin, U.S.A.) following the manufacturer's instructions, except that 1-2 µl of glycerol was added. Reaction conditions were: 97°C for 1 min; 40 cycles of 97°C for 10 s, 48°C-57°C for 1 min, 72°C for 20 s; 72°C for 4 min. The matK gene and flanking trnK introns were amplified in two reactions while all other regions were amplified in a single reaction (amplification primers are given in Table 1 ). Amplicons were purified using polyethylene glycol (PEG) precipitation or 30,000 NMWL Ultrafree centrifugation tubes (EMD Millipore, Billerica, Massachusetts, U.S.A).
The nuclear gene AT1G08750 was not directly sequenced because preliminary investigations of six species revealed two copies of this gene. Copies were identified based on 15 nucleotide substitutions in a 150 bp region near the 3′ end and the presence or absence of three indels. Based on RNAseq data gathered by CAW, primers were developed outside of the target region that preferentially amplified one of the two copies, although often both copies were recovered. Amplicons were Version of Record TAXON 65 (1) • February 2016: 35-46 cloned using the TOPO TA cloning kit (Invitrogen, Life Technologies, Grand Island, New York, U.S.A) and 6 to 20 clones were sequenced resulting in the recovery of 2 to 14 complete sequences of the target copy per taxon. Complete sequences for this nuclear marker were obtained for all species except I. iberica subsp. elegantissima (Sosn.) Fed. & Takht.
Purified PCR products were processed using a BigDye Terminator (Applied Biosystems, Foster City, California, U.S.A.) cycle sequencing reaction following the manufacturer's instructions except that 5% DMSO was added to the reaction mix. Cycle sequencing products were purified using Sephadex columns (Amersham Biosciences, Piscataway, New Jersey, U.S.A.) and run on an Applied Biosystems 3130 automated sequencer. Sequencing primers are given in Table 1 .
Phylogenetic analyses. -Sequences were edited, assembled, and aligned in Geneious Pro v.7.1.7 (Biomatters, New Zealand). Maximum likelihood (ML; Felsenstein, 1981) and ML bootstrap (Felsenstein, 1985) analyses were performed using RAxML v.8 (Stamatakis, 2014) on the plastid, nuclear, and combined datasets, with the combined dataset partitioned to allow different evolutionary models for the plastid and nuclear data. Two thousand replicates for bootstrap and six for ML were performed. Parameters for ML models were optimized using MODELTEST v.3.06 (Posada & Crandall, 1998) to test model fit across substitution scenarios. Based on results from MODELTEST the plastid data utilized a model that assumed unequal base frequencies, three substitution rates (1.0000, 2.1764, 0.3083), and a gamma distribution (0.0210) across nucleotide sites while the model for nuclear data assumed unequal base frequencies, two substitution rates (1.0000, 2.5902), and a gamma distribution (0.6820) across nucleotide sites. The preference for these models was founded on a comparison of loglikelihood (lnL) scores to determine whether simpler models with comparable log-likelihood scores existed. Two analyses that test for positive selection by estimating the relative rates of synonymous (dS) and non-synonymous substitutions (dN) across alignments were conducted for the coding region ycf1 and accessed through Datamonkey (http://www.datamonkey. org): FEL (Pond & Frost, 2005) that compares substitutions at nucleotide sites to determine codons under selection and BUSTED (Murrell & al., 2015) that models substitutions on branches to determine sites and lineages under selection.
MrBayes v.3.2 (Huelsenbeck & Ronquist, 2001 ) was used to perform Bayesian inference (BI) on the three datasets with the combined dataset partitioned to allow modeling of the plastid and nuclear markers. Four replicates were performed for BI with the number of substitution rates set to 6, the number of nucleotide frequencies set to 4, the gamma distribution was approximated using four rate categories, and a proportion of the nucleotide sites was allowed to be invariable. BI analyses were run for 4 million generations, each with 6 chains, and were sampled every 1000 generations. The final average standard deviation of split frequencies was < 0.0001 and the potential scale reduction factor (PSRF) was 1.0 for all node and branch parameters indicating convergence. Based on analyses of the model parameter files in Tracer v.1.6.1 (Rambaut & al., 2014) the estimated sample size (EES) was 2158 and 2399, respectively, indicating that sampling was sufficient for both runs and the log-likelihood trace plot showed relatively small fluctuations (often described as a hairy caterpillar pattern) after the initial burn-in phase. The first 400 trees from each run were excluded from the final tree set that was used to determine the posterior probability distribution. The mean values for parameters that resulted from BI analyses of the plastid and nuclear datasets (not combined) were similar to those suggested by MODELTEST. Bootstrap percentages (BS) from ML analyses ≥ 60% and BI posterior probabilities (PP) ≥ 0.8 are reported. Support was considered high if BS values were ≥ 90% and/ or PP values were ≥ 0.95 and was considered moderate if BS values were ≥ 80% and/or PP values were ≥ 0.90.
Biogeographical analyses. -Six models, three based on dispersal-extinction-cladogenesis (DEC; Ree & Smith, 2008) , dispersal-vicariance analysis (DIVA; Ronquist, 1996 Ronquist, , 1997 and BayArea (Landis & al., 2013) , respectively, and three that Table 1 . Primers used to amplify and sequence each marker.
Marker
Amplification primers (5′-3′) Sequencing primers (5′-3′) matK /trnK 3914mF (Johnson & Soltis, 1994 ) / 1360iR (Wilson, 2009 ) and 1176iF (Wilson, 2004 ) / trnK2R (Johnson & Soltis, 1994) 3914mF, 510iR (Wilson, 2009 ), 1360iR, 1176iF, 5iF (Wilson, 2009 ), 8iF (Wilson, 2004) trnL-trnF trncF (Taberlet & al., 1991 ) / trnf-10R (Wilson & Calvin, 2006) 
trncF, trnf-10R
petL-psbE petlF / psbeR (Shaw & al., 2007) petlF, le+400F (gtccagaatatctcgaatcagaag), le+619R (gcaaccgttgttgcattagatcc), psbeR psbM-trnD psbmF / trndR (Shaw & al., 2005) psbmF, md+640F (gaatgagataggttgtttccaacc), md+770R (gagtgcagacacaaattatcttcg), trndR
Version of Record TAXON 65 (1) • February 2016: 35-46 incorporated founder-event speciation (+ J; Matzke, 2014) into each of the basic models listed above, were implemented and compared in the R package BioGeoBEARS v.0.2.1 (Matzke, 2013) . Pie charts were drawn based on probability values for ancestral area estimation at each node. Each area contributing ≥ 10% probability to ancestral area estimations for sect.
Oncocyclus is shown in pie charts. Blank (white) segments represent, collectively, areas contributing < 10% probability. Four geographic areas were identified, the Caucasus, eastern Mediterranean, Central Anatolia, and Central Asia (Takhtajan, 1986; Myers & al., 2000; Solomon & al., 2014) . Most members of sect. Oncocyclus occur in the Caucasus or eastern Mediterranean. A few sect. Oncocyclus species occur outside of these two major areas of diversity in Central Anatolia. This regional assignment is given to the central portion of the range of the widespread species I. sari Schott ex Baker and to the entire ranges of two narrow endemics (I. gatesii Foster from the southern portion of central Turkey and I. sprengeri Siehe from central Turkey). Iris nectarifera Güner was also assigned to this region because the accession is from central Turkey. The latter species was described (Güner, 1980) from near the Syrian border in southern Turkey (eastern Mediterranean) but was not found by the first author during several searches of the border region (Wilson, 2004 (Wilson, , 2006 (Wilson, , 2011 . The central Turkey accession fits the species description and matches the isotype (Güner 1858 , 17 Apr 1979 . Outgroup taxa included in this study represent three other sections in subg. Iris and largely occur in Central Asia.
RESULTS
Phylogenetic analyses. -The aligned, combined dataset was 8636 bp, of which plastid markers contributed 7812 and the nuclear marker 824 bp (Table 2) . For the combined plastid dataset 178 (2.3%) bp sites were variable and 88 (1.1%) sites were potentially parsimony informative. Of the two new plastid markers, ycf1 was particularly useful, contributing 20 (1.9%) potentially informative sites. The other new plastid marker, rpl20-clpP, was similar to petL-psbE in variability and had 14 (1.2%) potentially informative sites. The low-copy nuclear marker, AT1G08750, was relatively short but contributed 49 (5.9%) potentially informative sites.
Analyses of the combined dataset yielded a single ML tree (log likelihood = −14,347; Fig. 2 ) that was congruent with the majority-rule BI tree. ML and BI analyses of separate plastid and nuclear datasets produced majority-rule consensus trees with identical topologies that were less resolved than trees resulting from the combined dataset (plastid and nuclear ML trees are shown in the Electr. Suppl.: Figs. S1 and S2, respectively). There were differences in topologies among trees resulting from the two datasets, but not for nodes with bootstrap and/or posterior probability values above 70% or 0.8, respectively.
Nuclear sequences obtained from cloning were identical or differed by one or two base pairs for most species. For each species, sequences resulting from cloning resolved together except those of I. petrana Dinsm. (Fig. 1C) where two different sequences of the target copy were recovered. The first I. petrana sequence was assigned a higher quality by Geneious (99.1%) when compared to the other sequence (85.7%). Figure 2 illustrates the phylogenetic tree, with an inset indicating where I. petrana was resolved using the second nuclear AT1G08750 + plastid sequences. Three separate analyses were conducted, on datasets that included plastid + both AT1G08750 sequences and plastid + one of each of the two AT1G08750 sequences, each resulting in resolution of I. petrana in two places on the phylogenetic tree. Support values decrease for the clade shown in the alternative tree (Fig. 2, inset) when the second I. petrana nuclear sequence is included in the combined dataset and the topology recovered is not congruent with the plastid tree (Electr. Suppl.: Fig. S1 ).
Phylogenetic relationships. -Section Oncocyclus was resolved as monophyletic (0.99/62) and sister to I. longiscapa Ledeb. (1/99), one of two species in sect. Hexapogon Baker (Fig. 2) . The earliest-diverging lineage comprises I. iberica Hoffm. subsp. iberica, I. paradoxa Steven f. paradoxa, and I. grossheimii Woronow ex Grossh. (1/100), all from the Caucasus (Fig. 3) . One fully resolved ML tree resulted with about 50% of the backbone branches as well as about 60% of the internal branches receiving support. In general, terminal branches of the phylogenetic tree are longer than backbone and internal branches. Infraspecific taxa of five species, I. paradoxa, I. iberica, I. barnumiae Foster & Baker, I. kirkwoodiae Chaudhary, and I. sofarana Foster were included in the study. None of these species were resolved as monophyletic.
The recovery of two different sequences of the target nuclear marker from a single accession of I. petrana (Fig. 2) suggests a complicated evolutionary history for the species that may include introgression through gene flow from current or historically parapatric or sympatric species. Iris mariae Barbey, I. petrana, and I. sofarana subsp. sofarana comprise a trichomy when the second sequence of the target nuclear marker is included in the dataset and the first two species are parapatric in some portions of the I. petrana range. Further 
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TAXON 65 (1) • February 2016: 35-46 studies using additional nuclear markers and multiple accessions of I. petrana and species that may be related are required to more fully understand the conflict suggested in this study. Biogeographical analyses. -The DEC + J model (Matzke, 2014) was selected based on the log-likelihood values for DEC compared to the DIVALIKE and BAYAREALIKE models, AIC weight, and rejection of the Null hypothesis that there is no significant difference in likelihood when founder-event speciation is included (P = 0.002; Table 3 ). Results estimate that the Caucasus is likely (> 75% probability) to be the ancestral area for sect. Oncocyclus (Fig. 3) . Other potential ancestral areas have < 10 % probability each and collectively have 23% probability in the estimation of the ancestral area for sect. Oncocyclus. For the clade sister to I. paradoxa f. choschab (Hoog) B.Mathew & Wendelbo + I. barnumiae f. urmiensis (Hoog) B.Mathew & Wendelbo, which comprises 82% of the sampled species in sect. Oncocyclus, the eastern Mediterranean region is estimated as the ancestral area (> 50% probability; Fig. 3 ).
DISCUSSION
Phylogenetic relationships. -Results of this study resolve with high support sect. Oncocyclus as monophyletic. Section Oncocyclus has long been considered unique and was recognized at the genus level (Siemssen, 1846) , as a subgenus (Baker, 1877) , and as a section (Dykes, 1913) . We recognize 42 taxa in sect. Oncocyclus, the 33 taxa included in this study (Appendix 1) and, based on literature and/or herbarium specimens, 9 taxa representing 6 additional species, I. acutiloba subsp. Oncocyclus using the DEC+J model in BioGeoBears. States at nodes represent the ancestral area before speciation events and bar to right of tree gives presentday distributions. Present-day distributions are also given for the five outgroup taxa included in the study. Blank (white) segments in pie charts indicate the collective contribution of areas that each contributed < 10% probability. 
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TAXON 65 (1) • February 2016: 35-46 A review of the descriptions and/or herbarium specimens of these latter taxa and local variants suggests that they are not distinct species. Based on the results of our study, however, that suggest high diversification along terminal branches, taxa currently considered synonyms and local forms or variants of recognized and usually more widespread species should be reexamined using molecular data to determine if they are distinct. Most researchers have not recognized infrasectional taxa in sect. Oncocyclus (Dykes, 1913; Lawrence, 1953; Rodionenko, 1987; Mathew, 1989) although two studies have proposed species groups within the section based on morphology. Gavrilenko (1986) circumscribed three series based on floral characters and Avishai & Zohary (1980) informally proposed seven aggregates of species, based on morphological similarities. Gavrilenko assigned only Caucasus species to his series but described the characteristics of each series so that species outside of the region could also be assigned. Series Acutilobae Gav. species have petals and sepals that are narrowed distally (Fig. 1D) , ser. Paradoxae Gav. species have reduced sepals (Fig. 1E) , and ser. Ibericae Gav. species have petals and sepals that are rounded (Fig. 1A, C, F-H ). This study (Fig. 2) does not support the monophyly of the series defined by Gavrilenko (1986) . Series Paradoxae is monotypic (I. paradoxa) but the two recognized forms included in this study do not form a clade. Series Acutilobae has three species: I. sprengeri, I. grossheimii, and I. acutiloba. Iris sprengeri and I. grossheimii (included in this study) have narrowed petals and sepals that are similar to I. acutiloba, the type for the series. These two species were resolved separately, in two highly supported clades. Iris grossheimii was resolved in the first diverging clade with I. iberica subsp. iberica (ser. Ibericae) and I. paradoxa f. paradoxa (ser. Paradoxae). Iris sprengeri is nested within the larger remaining clade with the other members of ser. Ibericae and I. paradoxa f. choschab (ser. Paradoxae). Gavrilenko's (1986) classification is based on the three distinct sepal shapes in sect. Oncocyclus: highly reduced, narrow with an acute tip, and roundish to orbicular. The petaloid sepal in Iris has a major role in pollination, particularly as a landing platform and visual signal for approaching pollinators (Uno, 1982; Morinaga & Sakai, 2006) . This role is particularly important in sect. Oncocyclus where species with large roundish to orbicular sepals and petals (ser. Ibericae) night-shelter solitary bee pollinators (Sapir & al., 2005 (Sapir & al., , 2006 Watts & al., 2013) , and species with highly reduced sepals (ser. Paradoxae) have pseudo-copulation pollination syndromes (Vereecken & al., 2012) .
Our study does not support the infrasectional species groups of Avishai & Zohary (1980) who subdivided sect. Oncocyclus into seven species aggregates and tested genetic affinities among species both within and among aggregates using crossing studies. They grouped species into aggregates based on characters such as flower size, similarities between sepals and petals, and coloration within a flower. Based on seed set and viability and fertility of F1 hybrids, they found no reproductive barriers among sect. Oncocyclus species and no evidence of differential compatibility among species that could provide information on species relationships (Avishai & Zohary, 1980) . They also found regular chromosome paring during meiosis in five interspecific hybrids and six species and concluded that species isolation involves barriers based on geography, ecology, phenology, and pollinator preferences. A recent study quantified the reproductive barriers between species in a few life-history stages, and revealed reproductive isolation among species in seed production, although species isolation is not complete (Y. Sapir, unpub. data) .
This study resolves with high support sect. Oncocyclus as sister to sect. Hexapogon (Fig. 2) . Section Hexapogon comprises two species, I. longiscapa and I. falcifolia Bunge, or is monospecific with I. longiscapa a synonym. These two species differ slightly in leaf width and flower size with I. falcifolia leaves wider (0.2-0.4 versus 0.05-0.15 cm) and I. longiscapa with slightly larger flowers (4 versus 3-4 cm in diameter). Species from this small section could be placed in sect. Oncocyclus but morphological differences support the current taxonomic treatment. Section Hexapogon species have long, narrow leaves that are unique to subg. Iris although their knobby rhizomes are most similar to rhizomes of sect.
Oncocyclus. In addition, members of sect. Hexapogon have inflorescences with two or three flowers (sometimes as many as five) while inflorescences of sect. Oncocyclus consistently have only a single flower. Finally, sect. Hexapogon have a linear beard on each sepal that is similar to beards in species from other subg. Iris sections (vs. the sparse non-linear beard of most sect. Oncocyclus species). They also have a linear beard on each petal that is unique within subg. Iris.
Species monophyly and recognition. -The five species with infraspecific taxa are not monophyletic in our study (Fig. 2) . All of the infraspecific taxa included in this study were initially described as species except those in I. kirkwoodiae. The polyphyletic status of I. kirkwoodiae is suggested but support values in this portion of the phylogenetic tree are moderate (Fig. 2) . The typical form occurs in southern Turkey and near the border in northwestern Syria while I. kirkwoodiae var. macrotepala Chaudhary & al. and I. kirkwoodiae subsp. calcarea Chaudhary & al. are narrow endemics of northwestern Syria with populations that are about 80 km south and 20 km northeast, respectively, of the Syrian populations of I. kirkwoodiae subsp. kirkwoodiae. These three taxa occur on limestone and share single flowers that are heavily veined in dark purple on a lighter background, borne on stems up to 70 cm and held above leaves which may reach 30 cm in length (Fig. 1A) .
Statistical support is medium to high for the polyphyletic status of I. barnumiae, I. iberica, I. paradoxa, and I. sofarana (Fig. 2) . Especially surprising is that I. paradoxa is polyphyletic. The flower of I. paradoxa is distinct from other sect. Oncocyclus species with its reduced sepals that are narrow, linear, and covered with trichomes (Fig. 1E) . These flowers have a pseudo-copulation pollination syndrome where the sepal displays a bee-like form and floral scents mimic bee pheromones (Vereecken & al., 2012) . The results of this study suggest that this sepal form and pollination type evolved twice within sect. Oncocyclus, once in the southern Caucasus region in southwest Turkey (I. paradoxa f. choschab) and once in the Version of Record TAXON 65 (1) • February 2016: 35-46 central Caucasus region in Georgia and Armenia (I. paradoxa f. paradoxa; Fig. 3 ). Sister species to each of these I. paradoxa forms have typical sect. Oncocyclus flowers with large horizontal sepals that have a dark central signal spot and adjacent beard (Fig. 1B) . This convergence in form to a bee-like narrow sepal that is covered with trichomes and has chevron markings can be attributed to the close association of pollinator behavior and flowers in sect. Oncocyclus where other species are night sheltering.
Also unexpected is that I. sofarana is polyphyletic. The two infraspecific taxa of I. sofarana have large purplish flowers and occur in mountainous regions of central Lebanon where populations are discrete within a relatively small overall range (about 40 km from north to south and 5 km from east to west) and where taxa distributions overlap. Previous population studies of I. sofarana using RAPDs and morphology did not reveal differences between the two subspecies although genetic diversity was high in all populations and populations were differentiated (Saad & Mahy, 2009 ).
Less surprising is the polyphyletic status for I. iberica and I. barnumiae (Fig. 2) . Iris iberica have relatively short stems (approximately 20-30 cm) and sphere-like flowers with reflexed sepals that are heavily veined in dark purple or maroon on a light background (Fig. 1F, G) . Iris iberica subsp. iberica and subsp. elegantissima have style branches that are deflexed onto or nearly onto the sepals partially covering the signal spot (Fig. 1F ) but differ in petal coloration with white petals in I. i. subsp. elegantissima (Fig. 1F ) and white petals with prominent blue veins in I. i. subsp. iberica. Iris iberica subsp. lycotis (Woronow) Takht. has dark, heavily purple-veined petals and a style branch that is not deflexed (Fig. 1G) . These three infraspecific taxa occur in different areas of the Caucasus: I. iberica subsp. iberica near Tbilisi, Georgia, I. iberica subsp. elegantissima in eastern Turkey from near the Armenian border south to Lake Van, and I. iberica subsp. lycotis in northwestern Iran, near Hakkâri, Turkey on the Iranian border, and southern Armenia on the Iranian border. Iris iberica subsp. elegantissima has been reported from southern Armenia but is now not considered to occur there (Anush Nersesyan, pers. comm.; Solomon & al., 2014) .
Iris barnumiae subsp. barnumiae is unique among species in sect. Oncocyclus with a linear sepal beard with relatively dense trichomes and a less obvious signal spot (Fig. 1H ) while other species have non-linear beards with sparse trichomes and large signal spots (Figs. 1B, C) . The original description of I. barnumiae f. urmiensis (Hoog, 1900) described this yellow taxon as having a dense linear beard but later descriptions (Mathew, 1989) indicated that the beard was similar to beards in other sect. Oncocyclus species. We cannot confirm the beard morphology of I. barnumiae f. urmiensis because it has not yet flowered in CAW's collection. These two taxa are not sympatric but occupy the same general area in southeast Turkey and northwest Iran near their borders (Caucasus region). Materials of I. barnumiae subsp. demavendica were not available for this study.
The recognition of species and infraspecific taxa in sect. Oncocyclus has been controversial. Dykes (1913) suggested that sect. Oncocyclus taxa may represent one variable species but recognized taxa within the section due to horticultural significance. Similarly, comparative studies by , , and Saad & Mahy (2009) did not support discrete species of sect. Oncocyclus from the southern Levant and central Lebanon but preferred to recognize species and/or species complexes due to conservation considerations. These comparative studies were focused at the population level and utilized morphology and/or RAPD fragment analyses. Results of our study suggest that sect. Oncocyclus taxa are distinct and that the current assessment of species may not accurately reflect the molecular diversity present in the section. Dorman & al. (2009) conducted common-garden studies on four sect. Oncocyclus from Israel, I. atropurpurea Baker, I. petrana, I . atrofusca Baker, and I. mariae. They determined species identity was more important than environmental parameters for vegetative and phenological differences among species and that differences in traits examined were likely to be genetic rather than environmental. This study suggests that considerable genetic diversity is present in sect. Oncocyclus and that divergence is concentrated along branches leading to recognized taxa. Most species in the section are narrow endemics that are known from only a few populations, have pollination syndromes with strong preferences for native solitary bees, and are clonal, factors that encourage diversification in isolation. The results of our study provide evidence of species relationships that can guide future studies focused on the resolution of relationships suggested, on phylogenetic and morphological trends in sect. Oncocyclus, and on population-level studies within and among species. This study also suggests that low-copy nuclear markers are likely to be more parsimony informative thus providing more information on relationships among taxa than plastid markers, which are variable but contributed a lower percent of potentially parsimony informative sites.
Ancestral area. -Biogeographical analyses suggest that the Caucasus is the likely ancestral area for sect. Oncocyclus (Fig. 3) . Gavrilenko (1975) considered the Caucasus region the center of evolution for sect. Oncocyclus because of the diversity of morphological forms found there. The Caucasus is bordered by the Black and Caspian Seas and comprises the countries of Georgia, Armenia, Azerbaijan, the most southern portion of Russia, the northwestern part of Iran, and the northeastern portion of Turkey (Solomon & al., 2014) . This biodiversity hotspot (Myers & al., 2000) is a likely corridor for plant migration between Asia and Europe. The Caucasus region has about 6400 plant species of which approximately 25% are endemic (Solomon & al., 2014) . The typical Iris habitat (high elevation steppe and rocky scree slopes) in the Caucasus is particularly rich in endemic species and each of the ten Caucasus taxa of sect. Oncocyclus except I. sari (a species most common to Central Anatolia) is endemic. The sister linage to sect. Oncocyclus is sect. Hexapogon, represented here by I. longiscapa. This section occurs in Central Asia and the Caucasus (Fig. 3 ) from northwestern Pakistan north through central Asia to southern Russia and northeastern Iran.
The area of highest species diversity for sect. Oncocyclus is the eastern Mediterranean (Fig. 3) , especially Syria, Jordan, Israel, and Lebanon. Unlike the Caucasus, however, species from other sections within subg. Iris do not generally occur in this region. It is likely that the eastern Mediterranean is an area of diversification for sect. Oncocyclus. There is a general trend of diversification from the north in western Syria (e.g., I. kirkwoodiae, I. basaltica Dinsm., I. damascena Mouterde, I. antilibanotica Dinsm.) to the south in Israel, Lebanon, and The Palestinian Authority (e.g., I. lortetii Barbey ex Boiss., I. atropurpurea, I. petrana, I. hermona Dinsm.) .
Further resolution of biogeography and diversification are beyond the scope of this study and will be more meaningful when confidence is high for all backbone nodes. Studies are currently underway by CAW that investigate correlations among morphology, biogeographical distributions, and environmental factors in sect. Oncocyclus, information that will contribute to our understanding of the origin and spread of this distinct group of bearded Iris.
